N

N

PERFORMANCE EVALUATION OF CENTRALIZED
MAINTENANCE WORKSHOP IN THE CIRCULAR
ECONOMY CONTEXT
Rony Arsene Djeunang Mezafack, Maria Di Mascolo, Zineb Simeu-Abazi, Sina
Akbari Haghighi

» To cite this version:

Rony Arséne Djeunang Mezafack, Maria Di Mascolo, Zineb Simeu-Abazi, Sina Akbari Haghighi.
PERFORMANCE EVALUATION OF CENTRALIZED MAINTENANCE WORKSHOP IN THE
CIRCULAR ECONOMY CONTEXT. MOSIM 2020 - 13th International Conference on Modeling,
Optimization and Simulation, Nov 2020, Agadir, Morocco. hal-03033348

HAL Id: hal-03033348
https://hal.science/hal-03033348
Submitted on 1 Dec 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03033348
https://hal.archives-ouvertes.fr

13™ International Conference on Modeling, Optimization and Simulation - MOSIM 20 — November 12-14, 2020-
Agadir — Morocco “New advances and challenges for sustainable and smart industries”

PERFORMANCE EVALUATION OF CENTRALIZED MAINTENANCE
WORKSHOP IN THE CIRCULAR ECONOMY CONTEXT

Rony Arséne DJEUNANG MEZAFACK, Maria DI MASCOLO, Zineb SIMEU-ABAZI, Sina AKBARI
HAGHIGHI

Univ. Grenoble Alpes, CNRS, Grenoble INP*, G-SCOP, 38000 Grenoble, France
*Institute of Engineering Univ. Grenoble Alpes

ABSTRACT: The availability of production equipment is crucial to the life of manufacturers. When these high
capital assets are heavy and require a significant set of resources, the company groups all the maintenance activities
together in a centralized maintenance workshop (CMW). The circular economy, by integrating remanufacturing, is a
way to support industrial development. Once integrated into the maintenance workshops model, the remanufacturing
allows the recovery of irreparable components from failed equipment. Thus, the decision regarding the initial stock
level and the remanufacturing rate has to be made. This paper proposes a new form of organization of the CMW
allowing to take into account the different actions which contribute to sustainable development. Thus, depending on
the condition of the defective equipment which can come from various production workshops, three options are
available: repair, replacement with new equipment, or reconditioning/remanufacturing. A CMW model based on
queuing networks is proposed as well as a simulation evaluation of performance indicators.
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1 INTRODUCTION

The promotion of sustainable industries is one of the
greatest challenges of the coming decades. For example,
waste from industrial activities can be reduced by
extending the life cycle of products, thereby increasing
productivity and reducing environmental issues.
Increasing productivity performance requires extending
the operational availability of equipment. This is already
being done through research and development of
maintenance strategies. Maintenance strategies have
automatically become crucial for critical systems, whose
failures significantly affect equipment availability and
staff safety. Over time, maintenance has progressively
taken an important place as a core activity in companies
depending on the availability of expensive assets to
provide their services or to manufacture their products
(Driessen et al., 2020).

Centralized maintenance workshops (CMW) aim to
gather and to provide all the tools required for preventive
and corrective maintenance processes (Simeu-Abazi et
al., 2014). The recent models of CMW proposed in the
literature focus on corrective maintenance of equipment,
where malfunctioned parts or components are replaced
by ready-for-use spares. Once the repair of the failed
components is finished, they are forwarded back to stock
“as-good-as-new.”(Sleptchenko et al., 2019). However,
one of the main assumptions of these models is that all
equipment or components arriving at the CMW are

repairable. Some extensions of the model proposed in
the literature deal with the purchase of components to
replace irreparable components that are discarded (Li et
al., 2013). Remanufacturing is an approach that allows
the recovery of parts from irreparable components and
the production of other components as good as new
(Potting et al., 2017).

This paper aims to extend the works presented in
(Simeu-Abazi et al.,, 2014) and (Li et al., 2013) by
proposing a model of CMW embedding the purchase of
spare parts and the remanufacturing of components. So,
one interesting research question is: how can we improve
the CMW model by integrating remanufacturing? To
answer this question, this article is structured into six
sections, including the present introduction section.
Section 2 is dedicated to the context and motivation of
this work. Section 3 is dedicated to the description of the
CMW. Section 4 describes the model of CMW and the
way to evaluate its performance by simulation. Based on
the developed method, we determine the optimal
parameters of the proposed CMW embedding the
management of irreparable components. The last section
contains our conclusion and future developments.

2 CONTEXT AND MOTIVATION

In almost all the manufacturing companies, maintenance
operations involve huge costs that can represent between
15% and 70% of the total production budget. It is the
case of non-military equipment, which spent more than
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$9 billion from a turnover generated by the component
repairs in 2015 (Sleptchenko et al., 2018). Besides, the
last decades lead to the increasing changes in
maintenance activities and associated budget (Simeu-
Abazi et al., 2012). In the aircraft field, the high
availability of fleet is crucial for airline operator
profitability. Maintenance consists of replacing defective
components by components in good condition rather
than repair inside the aircraft. The failed component is
then repaired separately allowing the reduction of TAT
(repair turnaround times) by the operators (van Jaarsveld
et al., 2015). In the high-speed railway locomotive field,
we have the same approach with the presence of
interchangeable component inventory where purchased
or repaired components are waiting for assembly (Li et
al., 2013). However, the recent model of Centralized
Maintenance workshops did not take into account the
irreparable components from failed pieces of equipment,
which are assumed discarded. With the evolution of
"Industry 4.0" one of the objectives of maintenance
workshops is to be more sustainable and the Circular
Economy is one of the recent and promising solutions
for that. Remanufacturing technologies appear as the
most appropriate strategies to deal with the recovery of
irreparable components.

a 3 DESCRIPTION OF CENTRAL
MAINTENANCE WORKSHOP

A CMW is designed first, to find the origin of the failure
of the equipment in the production workshop, and
second, to repair it (Simeu-Abazi et al., 2014).
Depending on the nature of the failure, equipment is
repaired on different stations, centralized or
decentralized. In the case of Centralized Maintenance
Workshops, all the process of repairing the equipment is

inside the CMW.
[sm][sngz}[sm 77777
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Figure 1: Organization of Maintenance

Coming from different production workshops as
presented in Fig. 1, failed pieces of equipment arrive at
the centralized maintenance workshop to be repaired
and, after finishing the maintenance process, they are
returned to the production line.

A maintenance process including the remanufacturing
with Initial inventory is presented in Fig. 2. It consists of
a set of stations for equipment diagnosis, disassembly,
repair and assembly. The failed equipment reaching

CMW is composed of two parts: the main one, that we
will go on calling “equipment”, and a component. We
assume that only the component can fail, and that the
main part of the equipment is always in good condition.
Thus, after the diagnosis and the disassembly, we only
have one component that is failed. The remaining part of
the equipment is transferred directly to the assembly
station, in a buffer, where it will wait for a component in
good condition to be assembled with. If the failed
component is respectively reparable, or irreparable, or
discarded, then it is respectively transferred toward the
repair station or the remanufacturing station or for the
purchase of a new component.

If a defective component is not yet recovered but the
remaining part of the equipment is already available at
the assembly station, then a component from the initial
inventory (and then a component from the other
inventories:  repaired, remanufactured or new
components) replaces the defective component for the
assembly of the equipment.

Equipment waiting
for components

Assembly %

‘

Failed
equipment

/\ Equipment

Initial inventory

Disassembly of new
components
bwi
'/ Failed component
Repair
reparable L=

discarded
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Figure 2: Organization of the CMW under study
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The goal is to minimize the average TAT (turn-around
times) defined as the spending time of a failed piece of
equipment throughout the maintenance process, from
disassembly to assembly. Thus, we have taken the
methodology of the queuing network used in (Simeu-
Abazi et al., 2014) to evaluate the CMW performance

a 4 MODELLING AND PERFORMANCE
EVALUATION

A simulation, based on Queuing Network modelling, has
been conducted to evaluate the CMW performance using
the software Matlab_Simulink. Some assumptions are
necessary to simplify the model and obtain the first
interesting results.

1) Each CMW station is composed of 6 parallel
Servers

2) All the buffers have unlimited capacity. There
is thus no blocking.

3) Pieces of equipment arrive at the CMW
according to a homogeneous Poisson process with rate A.
4) Disassembly lead times for all pieces of

equipment follow an exponential distribution with rate
Hds-
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5) Assembly lead times for all pieces of equipment
follow an exponential distribution with rate .

6) Repair lead times for all the components follow
an exponential distribution with rate pi,.

7) Remanufacturing lead times for all irreparable
components follow an exponential distribution with rate
Hrm-

8) When an irreparable component is not
remanufactured, a purchase order is sent for a new
component

9) We do not consider the transfer time from any
stage to its downstream ones

4.1 Model description

After simplifying the model of CMW, we can obtain the
queuing network representation composed by queues and
servers connected as presented in Fig. 3. The resulting
system is characterized by some important parameters:

- A:  equipment arrival rate (pieces of
equipment/month)

- i: proportion of irreparable components ([0,1])

- r: proportion of remanufactured components
([0.1])

- B: Initial the new
components

- Hgs: service rate of the disassembly station
(pieces of equip/month)

- wg: service rate of the reparability test station
(pieces of equip/month)

- wy service rate of the remanufacturing test
station (pieces of equip/month)

- Wp: service rate of the repair station (pieces of
equip/month)

- Lm: Service rate of the remanufacturing station
(pieces of equip/month)

- HUnw: Service rate of the purchasing station
(pieces of equip/month)

- Has: Service rate of the disassembly station
(pieces of equip/month)

Inventory Level for

Component

Component i

Arrival  Disassembly Repair

Test r "rm, :l]]]]]
]HD-@K Purchase S

nw

1 NIH) T

- Nm: total number of pieces of equipment with
remanufactured components at the departure of the
CMW

- Np: total number of pieces of equipment with
repaired components at the departure of the CMW

- Nnw: total number of pieces of equipment with
new components at the departure of the CMW

- Sim: buffer of the remanufactured components

- Snw: buffer of the new components

- Syp: buffer of the repaired components

- For the simulation, the service rate of the test
stations py et pyy are supposed to be very high compared
to all the other service rates of CMW stations. Thus, the
service time is considered negligible for these two
stations.

4.2 The decision variables of CMW

Remanufacturing aims to reduce the scraps from the
maintenance  process by recovering irreparable
components. It can be realized by, either the OEM
(Original Equipment Manufacturer), or by local
remanufacturers (Kleber et al., 2011). In our model, we
assume that CMW only has to decide on how many
irreparable components must be provided to the
remanufacturer for optimal costs and quality. Besides,
we have to find the minimal Initial Inventory Level
satisfying both the minimal TAT and the minimal costs.
So we consider the following decision variables:

° r: remanufacturing rate

° B: Initial Component Inventory Level

4.3 Performance indicators for CMW

The maintenance process of each failed equipment
reaching the CMW requires a set of resources (time,
operators, tools and spare parts) until its departure. The
main performance indicators of CMW are:

Remanufacturing S

[ >

Y

Assembly Departure

A - u
—— T, 3

N :E[ﬁﬁ —)]]]]]]

Equipment waiting for a component

—

>

Figure 3: Queuing Network model of CMW

e (][] : average time spent by the equipment
throughout the maintenance process

eTotal cost: evaluation of all the costs generated by
the maintenance activities

4.4 Simulation experiments

Matlab_simulink is the software used to simulate the
CMW model based on real benchmark data from high-
speed railway locomotive fields, taken from (Li et al,
2012), and adapted to include the remanufacturing and
the purchase of new parts. Using the simEvents library,
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many experiments have been carried out to get an
overview of the influence of CMW parameters (B, r)
and the service rates (L, Wm, How) ON the performance
indicators.

Real data: & = 6, pas= Mas = 6, W= 2, Hep >Hrm™How

The first series of experiments were performed by
varying the rate of irreparable components, i, and the
rate of components to be remanufactured, r, from 0 to
1. 15 configurations of CMW stations were obtained
by simulating different values of service rates Ly, Hm,
Hnw COombined to 5 configurations of Initial Inventory
Level with B=10, 15, 20, 25, 30. Then we have:

Group 1: um = 1.9, with pp= 1.7, 1.3, 1, 0.5, 0.3
Group 2: um = 1.7, with pn,=1.3,1,0.5,0.3
Group 3: pm = 1.3, with p,,=1, 0.5, 0.3

Group 4: um = 1, with p,,=0.5,0.3

Group 5: um = 0.5, with pp,= 0.3

A priority policy for selecting the components from
Srmy Snw and Sy, inventories for the assembly was used
so that new components have a higher priority than
remanufactured components which have a higher
priority than repaired components (New >
Remanufactured > Repaired). We choose this policy to
always prioritize the best quality components for
assembly.

4.5 Costs evaluation

Cinv = Unit storage cost of components inside the
CMW ($/component)
Crar = Unit cost generated by sojourn time of each
failed piece of equipment inside the CMW ($/day/piece
of equip)
Cswock= Unit storage cost of each failed piece of
equipment inside the CMW ($/piece of equip)
Cw = Unit Cost to purchase a new component
($/component)

m = Unit cost for remanufacturing ($/component)
Cyp = Unit cost for repairing ($/component)

A total cost is composed of the:

a Immobilization costs which are generated by
the non-utilization of the components or the equipment
(while being processed or in stock in the CMW)
Immobilizat_Cost=( 000 XCrar+Cstock) X (Nrm+Nrp+Nnw
)

a Operation costs which are generated by the
maintenance process

Operation_Cost=C;;yuxB  + NmuXCiy + NuwXChw +
NipXCrp

Total Cost = Imobilizat_Cost + Operation_Cost

From benchmark data, we have Cyat = 20, Cj,, = 20,
Cstock = 20 and 0 < Cyy < C< Cow. Thus, proportionally

to the value of C,, we obtained 6 different cost
configurations:

Group 1: Chw = 3*Cy, with Cip= 2.5*%Cy,, 2*Cyp,
15*C,,

Group 2: Cpy = 2.5*Cyp, with Cy= 2*Cyp, 1.5*Cy
Group 3: Cyy = 2*Cyp, with Cii= 1.5*Cy

The investment cost of remanufacturing is consider to
be zero, assuming that it is managed by the company
that manufactures the new components (OEM). In this
case, the OEM sells the remanufacturing services to the
CMW at the unit cost C;,.

a 5 SIMULATION RESULTS

Based on the instances presented in the previous
section, the simulation leads to 1875 configurations of
CMW with different parameters. To obtain the optimal
combination (B,r) for each case we study the variation
of the (][ and the Total Cost considering Cp,=1.

5.1 Average TAT

We studied the average waiting time of equipment in
the system, considering different scenarios consisting
of 5 groups of service rates for the operations (as it is
explained in section 4.4) and different combinations of
i, rand B. Table 1 shows the different values of i, r and
B which are used in the study.

Service rate i r B
Groupn (n: {0,0.2,..., 0,02,...,10,10,20,30
1,...,5) 1 1

Table 1: Combination of variables

For all initial inventory levels, the decrease of ym and
tw led to an increase in the ;1) value. Figure 4
indicates the variation of [ for different values of

parameter B and rate py, , for paw= 0.3, i= 0.4 and r=
0.6.

As It is shown in figure 4, the increase of B from 0 to
20 has a positive effect on )] and leads to a
significant decrease in it. But changing B from 20 to 30
has no impact on (. Studying all possible service
rate values, it is obtained that the initial inventory level
of 20 is the most time-efficient option in general.
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5.2 Impact of total number of irreparable
components on the total cost

In this section, we observe the total cost for each
combination of (B,r) obtained by taking many values

of parameter i, with fixed parameters pum = 1.9, ppw=
1.3, Cpw = 3*Cyp, and Crp= 2.5*C,..

We observe that the cost globally increases with the
increase of i. The optimal Initial inventory is B=20
represented by the plots red and blue of the figure 5.
The optimal remanufacturing rate satisfying the
minimal costs are different depending on the value of i.
For i=0.2 we obtain r=0.2, for i=0.4 we obtain r=1 and
for i=0.6 we obtain r=0.8. If the Initial inventory level
is equal to 0, B=0 in Figure 6, all the costs are the
highest and decrease with the increase of the
remanufacturing rate r and the decrease of the
irreparable rate i.

85500
==
85000 - - ——
—
. —4+=B=20, =02
3 sin ~-B=30, i=0.2
Z; =N B=20,i=0.4
a — \ ——B=30,i=04
84000 ——B=20,i=06
—+—B=30,i=06
83500
83000
0 02 04 06 08 1

Remanufacturing rate (r)

Figure 5: Total cost versus remanufacturing rate and
Initial Inventory level for i=0.2 and i=0.4
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190000

185000
180000
175000

0 02 04 06 0.8 1
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Figure 6: Total cost versus remanufacturing rate for
B=0

5.3 Impact of the stations service rate

We take the following values: i = 0.2, Cyy = 3*C,, and
Cim= 2.5*C,, and observe that the service rate of the
stations pm and p,,y have effects on the optimal costs
until r=0,4 as shown in figure 7. For example when
= 1.9, pw= 1 the optimal (B, r)" is (10, 0.4). pm = 1.9,
= 0.7 lead to a new (B, r)’= (20, 0.2); pm = 1.3,
tnw= 0.3 lead to (B, r)"= (20, 0.2) and pym = 1.3, pow=
0.3 lead to (B, r) = (20, 0.4).

Globally from r=0.4 the service rate of the stations pm
and py,, NO longer have much effects on the costs

92000

90000 ——B=10, prm =19, pnw= 1
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88000 N +—B=30, prm =1.9, pnw= 1
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- e ~o~B=30, prm =1.9, ynw= 0.7

~+=B=10, prm =13, ynw= 0.3

Total cost
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B=30, prm =13, ynw= 0.3
82000 —+—B=10, prm =1, pnw= 0.3
#-B=20, prm =1, pnw= 0.3
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Figure 7: Total cost versus remanufacturing rate and
Initial Inventory level with the variation of i,y and pm
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Globally as presented in figure 8, the variation of the
unit costs Cn, and C, does not have effects on the
shape of the plots whatever the values of B. Besides,
regardless of the unit cost values, for respectively
B=10, B=20 and B=30 we have respectively the
optimal remanufacturing rate r=1, r=0.2 and r=1.

In general, for all the scenarios initial inventories B=0
and B=30 are never suitable for optimal costs. The
choice is between B=10 and B=20. In the majority of
cases, B=20 is the optimal inventory level.

Q 6 CONCLUSION

In this study, we evaluated the costs and the average
waiting time of failed equipment in a CMW integrating
the remanufacturing of irreparable components. From
the existing model, we proposed to explore the effects
of wvariation of initial inventory level and
remanufacturing rate of components. It suggests using
remanufactured components may create value by
affecting the total cost and average TAT, positively.
The main results can be summarized as follows:

° Average TAT decreases significantly by
increasing initial inventory level.
° Initial inventory level of 20 is the best option

in terms of cost and time for the CMW with the
defined number of servers and equipment arrival rate in
this study. Regardless of the irreparable rate and the
remanufacturing rate of the components the optimal
value of B is the same.

° The optimal remanufacturing rate depends
mainly on the irreparable rate of the components
whatever the service rate of the stations or the unit
costs of the maintenance process.

° There is a trade off between average TAT and
initial inventory level for some combination of C,y, and
Cnw. Initial inventory level of 20 is the most time
efficient option that will assure the high service level
of CMW. But considering the total costs in some
combinations of C,, and Cyy, initial inventory level of
10 is the most cost efficient option compared to B
equal to 20. It is noteworthy that the difference is too
low. According to the policies of a company one of
these options may be selected.

Future research based on this article can be to extend
the CMW model embedding the variation of the
equipment arrival rate. A closed-loop system can be
studied considering the fact that each equipment
reaches CMW several times throughout its life cycle.

ACKNOWLEDGMENTS

This work has been supported by the French
government; through the Université Grenoble Alpes
and the IDEX Grenoble (Cross Disciplinary Program
Circular) with the reference number C7H-1D17-PR28-
CIRCULARWPL.

REFERENCES

Driessen, M. A., G. J. van Houtum, W. H. M. Zijm,
and W. D. Rustenburg, 2020. Capacity assignment in
repair shops with high material uncertainty.
International Journal of Production Economics, vol.
221, p. 107484.

Kleber, R., S. Zanoni, and L. Zavanella, 2011. On how
buyback and remanufacturing strategies affect the
profitability of spare parts supply chains. International
Journal of Production Economics, 133(1), p. 135-142.

Li, B., X. Li, W. Guo, and S. Wu, 2013. A generalized
stochastic Petri-net model for performance analysis and
allocation optimization of a particular repair system.
Asia-Pacific Journal of Operational Research, 30(01),
p. 1250042.

Potting, J., M. P. Hekkert, E. Worrell, and A.
Hanemaaijer, 2017. Circular economy: measuring
innovation in the product chain. PBL Publishers. No.
2544

Simeu-Abazi, Z., M. Di Mascolo, and E. Gascard,
2012. Performance evaluation of centralized
maintenance workshop by using Queuing Networks.
IFAC Proceedings Volumes, 45(31), p. 175-180.

Simeu-Abazi, Z., M. Di Mascolo, and E. Gascard,
2014. Queuing network-based methodology for
designing and assessing performance of centralized
maintenance workshops. Journal of Manufacturing
Technology Management, 25(4), p. 510-527.

Sleptchenko, H. H., A. Turan, S. Pokharel, and T. Y.
EIMekkawy, 2019. Cross-training policies for repair
shops with spare part inventories. International
Journal of Production Economics, vol. 209, p. 334-
345.

Turan, H. H., A. Sleptchenko, S. Pokharel, and T. Y.
ElMekkawy, 2018. A clustering-based repair shop
design for repairable spare part supply systems.
Computers & Industrial Engineering, vol. 125, p. 232—
244,

Van Jaarsveld, W., T. Dollevoet, and R. Dekker, 2015.
Improving spare parts inventory control at a repair
shop. Omega, vol. 57, p. 217-229.



